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Description 

[SPLIT GATE FLASH MEMORY CELL AND 
MANUFACTURING METHOD THEREOF] 

Background of Invention 
[0001] Field of the Invention 

[0002] The present invention relates to a semiconductor device. 
More particularly, the present invention relates to a split 
gate flash memory cell and a manufacturing method 
thereof. 

[0003] Description of Related Art 

[0004] A flash memory device provides the property of multiple 
entries, retrievals and erasures of data. Moreover, the 
stored information is retained even electrical power is in- 
terrupted. As a result, a non-volatile memory device is 
widely used in personal computers and electronic sys- 
tems. 

[0005] A typical flash memory device employs doped polysilicon 
to fabricate the floating gate and the control gate. Further, 



a dielectric layer is used to isolate the floating gate from 
the control gate, while the floating gate and the substrate 
are isolated from each other by a tunneling oxide layer. 
When a flash memory device performs the write/erase op- 
eration of information, proper biases are applied to the 
control gate and the source/drain regions to inject elec- 
trons into or to discharge electrons from the floating gate. 
Further, the reading of information from a flash memory 
device is achieved by applying a working voltage to the 
control gate. The conductive state of the floating gate in- 
fluences the opening/closing of the channel, wherein the 
opening/closing of the channel can be interpreted as the 
binary value of either "0" or "1". 

[0006] During the erasure of information of the above flash 

memory device, the amount of electrons being discharged 
is difficult to control. Consequently, over-erase is resulted 
when an excessive amount of the electrons are discharged 
from the floating gate, leaving the floating gate with posi- 
tive charges. When the over-erase phenomenon is serious, 
a channel current flow is induced under the floating gate 
even no working voltage is applied to the control gate, 
leading to an erroneous interpretation of the data. 

[0007] To resolve the over-erase problem, many flash memory 



devices uses the split gate design. Tlie split gate design, 
in addition to the control gate and the floating gate, fur- 
ther includes a selective gate (or an erase gate) disposed 
on the sidewalls of the control gate and the floating gate 
and above the substrate, wherein the split gate is isolated 
from the control gate, the floating gate and the substrate 
with a dielectric layer. Accordingly, as the over-erase phe- 
nomenon becomes serious, in which the channel under 
the floating gate maintains opened even under no working 
voltage is being applied to the control gate, the channel 
under the selective gate can maintain closed to obviate a 
current flow between the source region and the drain re- 
gion. An erroneous interpretation of the stored informa- 
tion can thus be precluded. Since a split gate structure 
demands a larger split gate region and thus a larger 
memory cell, the dimension of a split gate memory cell is 
larger than that of a stacked gate flash memory cell. Fur- 
ther increase of the device integration is thereby prohib- 
ited. 

[0008] Normally, as the gate couple ratio (GCR) between the 
floating gate and the control gate becomes larger, the 
working voltage required for the operation diminishes. To 
raise the gate couple ratio includes increasing the dielec- 



trie capacity of the gate dielectric layer or reducing the di- 
electric capacity of the tunneling oxide layer, wherein in- 
creasing the dielectric capacity of the gate dielectric layer 
includes increasing the area in between the control gate 
layer and the floating gate. However, in a conventional 
split gate structure, the control gate and the floating gate 
form a stacked structure. The area between the control 
gate and the floating gate can not be further increased. As 
a result, the gate coupling ratio and the integration of de- 
vices can not be increased. 
Summary of Invention 

[0009] Accordingly, the present invention provides a split gate 
flash memory cell and a manufacturing method thereof, 
wherein the gate coupling ratio and the integration of de- 
vices can be increased. 

[0010] The present invention also provides a split gate flash 
memory cell and a manufacturing method thereof, 
wherein an erase gate is formed to reduce the frequency 
of electrons (holes) that pass through the tunneling di- 
electric layer. The reliability of the tunneling dielectric 
layer is thereby increased and the life time of the device is 
also extended. 

[0011] The present invention provides a split gate flash memory 



cell. The split gate flash memory cell includes a substrate 
configured with device isolation structures; a selective 
gate structure disposed on the substrate, wherein the se- 
lective gate structure includes a gate dielectric layer, a se- 
lective gate and a cap layer that are sequentially from the 
substrate; a spacer disposed on the sidewall of the selec- 
tive gate structure; an interlayer dielectric layer disposed 
on the substrate, wherein this interlayer dielectric layer 
has an opening that exposes a portion of the selective 
gate structure, the substrate and the device isolation 
structure; a floating gate disposed in the opening and ex- 
tended to cover a surface of the interlayer dielectric layer; 
a control gate disposed in the opening, wherein the con- 
trol gate fills the opening and extends above the selective 
gate structure; a gate dielectric layer disposed between 
the floating gate and the control gate; a source region 
disposed in the substrate beside one side of the control 
gate that is not adjacent to the selective gate structure; a 
drain region disposed in the substrate beside one side of 
the selective gate structure that is adjacent to the control 
gate. 

[0012] In the above split gate flash memory device, the control 
gate extends to cover the floating that is above the selec- 



live gate structure. In this type of memory device, an 
erase gate can also be disposed on the interlayer dielectric 
layer that is above the source region, and a portion of the 
erase gate covers the floating gate. 
[0013] The present invention further provides a split gate flash 
memory cell. The memory cell includes a substrate with a 
device isolation structure; a first selective gate structure 
and a second selective gate structure disposed respec- 
tively on the substrate, wherein each of the first and the 
second selective gate structure includes a gate dielectric 
layer, a selective gate and a cap layer that are sequentially 
formed from the substrate; a spacer disposed on a side- 
wall of the first selective gate structure and on a sidewall 
of the second selective gate structure; an interlayer di- 
electric layer that includes a first opening and a second 
opening on the substrate, wherein the first opening and 
the second opening are configured between the first se- 
lective gate structure and the second selective gate struc- 
ture, and the first opening exposes a portion of the first 
selective gate structure, the substrate and the device iso- 
lation structure and the second opening exposes a portion 
of the second selective gate structure, the substrate and 
the device isolation structure; a first floating gate and a 



second floating gate disposed in tlie first opening and tlie 
second opening, respectively, wherein the first floating 
gate and the second floating gate extend to cover the sur- 
face of the interlayer dielectric layer; a tunneling dielectric 
layer disposed between the first floating gate and the 
substrate and between the second floating gate and the 
substrate; a first control gate and a second control gate 
disposed in the first opening and the second opening, re- 
spectively, wherein the first control gate and the second 
control gate fill the first opening and the second opening, 
respectively, and extend above the first gate structure and 
the second gate structure, respectively; an erase gate dis- 
posed on the interlayer dielectric layer between the first 
control gate and the second control gate and covered a 
portion of the first floating gate and the second floating 
gate; a gate dielectric layer disposed between the first 
floating gate and the first control gate and between the 
first floating gate and the erase gate, and between the 
second floating gate and the second control gate and be- 
tween the second floating gate and the erase gate; a 
source region disposed in the substrate between the first 
control gate and the second control gate; a first drain re- 
gion and a second drain region disposed in the substrate 



beside one side of tlie first selective gate structure that is 
not adjacent to the first control gate and beside one side 
of the second selective gate structure that is not adjacent 
to the second control gate, respectively; a bit line dis- 
posed on the substrate, wherein the bit line electrically 
connects with the first drain region and the second drain 
region. 

[0014] In the above split gate flash memory cell, the first control 
gate extends to cover the first floating gate above the first 
selective gate structure, and the second control gate ex- 
tends to cover the second floating gate above the second 
selective gate structure. The bit line is electrically con- 
nected to the first drain region and the second drain re- 
gion through the contact plug. 

[0015] In the above split gate flash memory cell, the openings 

expose a portion of the selective gate structures, the sub- 
strate and the device isolation structure. The floating 
gates are disposed in the openings and extend to cover 
the surface of a part of the interlayer dielectric layer. The 
control gates are disposed in the openings, respectively, 
and extend above the selective gate structures. The con- 
tact area between the control gate and the floating gate is 
thereby increased to increase the gate coupling ratio of 



the flash memory device and to lower the working voltage 
required for an operation. As a result, the operation speed 
increases to accommodate the demand of a particular 
memory device. 

[0016] Further, the erase gate is disposed on the interlayer di- 
electric layer. During the erasure operation, electrons 
(holes) travel from the corner of the floating gate through 
the gate dielectric layer to the erase gate. The frequency 
that the electron (holes) pass through the tunneling di- 
electric layer is thus reduced to increase the reliability of 
the tunneling dielectric layer. The lifetime of the device is 
also increased. 

[0017] Moreover, the erase gate needs not be disposed. The con- 
trol gate that is disposed above the selective gate struc- 
ture covers the floating gate and extends to cover the in- 
terlayer dielectric layer. As a result, during the erasure 
operation, electrons (holes) travel from the corner of the 
floating gate through the gate dielectric layer to the con- 
trol gate. Similarly, the frequency of the electrons (holes) 
that pass through the tunneling dielectric layer is reduced 
to enhance the reliability of the device and to increase the 
lifetime of the device. 

[0018] The present invention provides a fabrication method for a 



split gate flash memory cell, wherein a substrate having a 
device isolation structure already formed therein is pro- 
vided. A selective gate structure is formed on the sub- 
strate, wherein the selective gate structure includes a gate 
dielectric layer, a conductive layer and a cap layer. After 
forming a spacer on the sidewall of the selective gate 
structure, a source region and a drain region are formed 
in the substrate beside both sides of the selective gate 
structure, wherein the source region is at a certain dis- 
tance away from the selective gate structure, while the 
drain region is adjacent to the selective gate structure. Af- 
ter forming an interlayer dielectric layer on the substrate, 
an opening is formed in the interlayer dielectric layer, 
wherein the opening exposes the substrate between the 
selective gate structure and the source region, a portion 
of the selective gate structure and the device isolation 
structure. After forming a tunneling dielectric layer on the 
substrate exposed by the opening, a floating gate is 
formed in the opening, wherein the floating gate extends 
to cover a part of the interlayer dielectric layer. Thereafter, 
a gate dielectric layer is formed on the substrate and a 
control gate is also formed on the substrate, filling the 
opening. 



[0019] In the above fabrication metliod, during the formation of 
the control gate, the control gate is formed to cover the 
floating gate that is above the selective gate structure. 
Moreover, an erase gate can also be concurrently formed 
during the fabrication of the control gate. 

[0020] In the above fabrication method, during the formation of 
the opening, since the etching selectivity of the cap layer 
and the spacer of the selective gate structure is different 
from that of the interlayer dielectric layer, the cap layer 
and the spacer can serve as a self-aligned mask during 
the formation of the opening to increase the process win- 
dow. 

[0021] It is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0022] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 



[0023] Figure 1 is a scliematic, top view diagram illustrating a 
structure of a split gate flash memory cell according to 
the present invention. 

[0024] Figure 2A is a schematic, cross-sectional view diagram of 
a split gate flash memory cell according to one aspect of 
the present invention. 

[0025] Figure 2B is a schematic, cross-sectional view diagram of 
a split gate flash memory cell according to another aspect 
of the present invention. 

[0026] Figures 3A to 3F are schematic, cross-sectional view dia- 
grams illustrating the process flow for fabricating a split 

gate flash memory cell of the present invention. 
Detailed Description 

[0027] Figure 1 is a schematic, top view diagram illustrating a 
structure of a split gate flash memory cell according to 
the present invention. Figure 2A is a schematic, cross- 
sectional view diagram of a split gate flash memory cell 
according to one aspect of the present invention. Figure 
2A is a cross-sectional view diagram of Figure 1 along the 
cutting line A-A. Figure 2B is a schematic, cross-sectional 
view diagram of a split gate flash memory cell according 
to another aspect of the present invention. In Figures 1, 
2A and 2B, the same reference numbers are used in the 



drawings to refer to the same or like parts. 

[0028] Referring to botli Figure 1 and 2A, tlie flash memory cell 
of the present invention is formed with a substrate 100, a 
device isolation structure 102, an inter-layer dielectric 
layer 108, a floating gate 110a and a floating gate 110b, a 
tunneling dielectric layer 112, a control gate 114a and a 
control gate 114b, an erase gate 116, a gate dielectric 
layer 118, a source region 120, a drain region 122a, a 
drain region 122b, an interlayer dielectric layer 124, a 
contact plug 126a, a contact plug 126b and a bit line 128. 

[0029] The substrate 100 is, for example, a silicon substrate. The 
device isolation structure 102 is disposed in the substrate 
100 to define the active region. 

[0030] The selective gate structure 104a and the selective gate 

structure 104b are disposed on the substrate 100. Each of 
the selective gate structure 104a and the selective gate 
structure 104b includes a gate dielectric layer 130, a se- 
lective gate 132 and cap layers 134 and 136, sequentially 
from the substrate 100. A material used in forming the 
gate dielectric layer 130 is, for example, silicon oxide. A 
material used in forming the selective gate 132 is, for ex- 
ample, doped polysilicon. The cap layers 134 and 136 are 
formed with, for example, a layer of silicon oxide and a 



layer silicon nitride, respectively. 

[0031] A spacer 106 is disposed on the sidewalls of the selective 
gate structure 104a and the selective gate structure 104b. 
The spacer 106 is, for example, a silicon nitride material. 

[0032] The interlayer dielectric layer 108 is disposed on the sub- 
strate 100. The interlayer dielectric layer 108 has an 
opening 108a and an opening 108b, wherein the opening 
108a and the opening 108b are configured between the 
selective gate structure 104a and the selective gate struc- 
ture 104b. In other words, the opening 108a and the 
opening 108b are disposed on one side of the selective 
gate structure 104a and on one side of the selective gate 
structure 104b, respectively. The opening 108a exposes a 
portion of the selective gate structure 104a, the substrate 
100 and the device isolation structure 102. The opening 
108b exposes a portion of the selective gate structure 
104b, the substrate 100 and the device isolation structure 
102. The interlayer dielectric layer 108 is, for example, 
phosphsilicate glass or borophosphosilicate glass type of 
material. 

[0033] The floating gate 110a and the floating gate 110b are dis- 
posed in the opening 108a and 108b, respectively, 
wherein portions of the floating gates 110a, 110b extend 



to cover the surface of the interlayer dielectric layer 108. 
The floating gate 110a and the floating gate 110b are 
formed with, for example, doped polysilicon. 

[0034] jhe tunneling dielectric layer 112 is disposed between the 
floating gate 110a and the substrate 100 and between the 
floating gate 110b and the substrate 100. A material used 
in forming the tunneling dielectric layer 112 is, for exam- 
ple, silicon oxide. 

[0035] The control gate 114a and the control gate 114b are dis- 
posed in the opening 108a and the opening 108b, re- 
spectively, and extended above the selective gate struc- 
ture 104a and the selective gate structure 104b, respec- 
tively. The control gate 114a and the control gate 114b 
are formed with, for example, doped polysilicon. 

[0036] The erase gate 116 is disposed above the interlayer di- 
electric layer 108 between the control gate 114a and the 
control gate 114b. Further, a portion of the erase gate 
116 covers the floating gate 110a and the floating gate 
110b. The erase gate 116 is, for example, doped polysili- 
con. 

[0037] The gate dielectric layer 118 is disposed between the 

floating gate 110a and the control gate 114a and between 
the floating gate 110a and the erase gate 116, and be- 



tween the floating gate 110b and the control gate 114b 
and between the floating gate 110b and the erase gate 
116. The gate dielectric layer 118 can form with, for ex- 
ample, silicon oxide/silicon nitride/silicon oxide. The gate 
dielectric layer can also form with, for example, a com- 
posite dielectric layer 118a and a composite dielectric 
layer 118b. The composite dielectric layer 118a is formed 
with, for example, silicon oxide/silicon nitride/silicon ox- 
ide, while the composite dielectric layer 118b is formed 
with, for example, silicon oxide. 
[0038] The source region 120 is configured in the substrate 100 
between the control gate 114a and the control gate 114b. 
In other words, the source region 120 is configured in the 
substrate 100 at the one side of the control gate 114a 
(control gate 114b) that is not adjacent to the selective 
gate structure 104a (selective gate structure 104b). The 
drain region 122a and the drain region 122b are config- 
ured in the substrate 100 at the one side of the selective 
gate structure 104a that is not adjacent to the control 
gate 114a, and at the one side of the selective gate struc- 
ture 104b that is not adjacent to the control gate 114b, 
respectively. The source region 120, the drain region 
122a and the drain region 122b can also include, for ex- 



ample, a light doped drain (LDD) structure. 

[0039] The interlayer dielectric layer 124 is disposed on the sub- 
strate 100, covering the entire substrate 100. The inter- 
layer dielectric layer 124 includes a material, such as, 
phosphsilicate glass or borophosphosilicate glass, etc. 

[0040] The contact plug 126a and the contact plug 126b are dis- 
posed in the interlayer dielectric layer 104 and the inter- 
layer dielectric layer 124 to electrically connect with the 
drain region 122a and the drain region 122b, respectively. 
The material used in forming the contact plug 126a and 
the contact plug 126 includes, for example, tungsten. 
Further, the contact plug 126a, the contact plug 126b, 
and the interlayer dielectric layer 108, the interlayer di- 
electric layer 124 and the substrate further include a bar- 
rier layer (not shown) disposed therebetween, wherein the 
barrier layer is, for example, titanium/titanium nitride. 

[0041] The bit line 128 is disposed above the substrate 100, and 
is electrically connected to the contact plugs 126a, 126b. 
The bit line 128 is, for example, a copper-aluminum alloy. 

[0042] In accordance to the above embodiment of the present in- 
vention, the opening 108a (opening 108b) exposes a por- 
tion of the selective gate structure 104a (selective gate 
structure 104b), the substrate 100 and the device isola- 



tion structure 102. The floating gate 110a and the floating 
gate 110b are disposed in the opening 108a and the 
opening 108b, respectively, and are extended to cover the 
surface of the interlayer dielectric layer 108. The control 
gate 114a and the control gate 114b are disposed in and 
fill the openings 108a and 108b, respectively. Thecontrol 
gates 114a, 114b further extendsabove the selective gate 
structure 104a and selective gate structure 104b, respec- 
tively. The contact area between the control gate 114a 
(control gate 114b) and the floating gate 110a (floating 
gate 110b) can thus increase to increase the gate coupling 
ratio of the flash memory device and to lower the working 
voltage required for an operation. The operation speed of 
the device can thus increase to accommodate the de- 
mands of each particular memory device. 
[0043] Further, the erase gate 116 is disposed above the inter- 
layer dielectric layer 108 between the control gate 114a 
and the control gate 114b. Moreover, a portion of the 
erase gate 116 covers the floating gate 110a and the 
floating gate 110b. During an erasing operation, the elec- 
trons (holes) travel from the corner of the floating gate 
110a (floating gate 119b) through the gate dielectric layer 
118 to the erase gate 116. The frequency of electrons 



(holes) passing through the tunneling dielectric layer 112 
is thus reduced to enhance the reliability of the tunneling 
dielectric layer 112 and to extend the life time of the de- 
vice. 

[0044] In accordance to the present invention, the presence of an 
erase gate 116 is used for illustration. However, the 
present invention is also applicable, as in Figure 2B, with- 
out the disposition of an erase gate structure. Referring to 
Figure 2B, the control gate 114a (control gate 114b) is 
disposed abovethe selective gate structure 104a (selective 
gate structure 104b), covering the floating gate 110a 
(floating gate 110b). The control gate 114a (control gate 
114b) further extends to cover a part of the interlayer di- 
electric layer 108. During an erasing operation, the elec- 
trons (holes) travel from the corner of the floating gate 
110a (the floating gate 110b) through the gate dielectric 
layer 118 to the control gate 114a (control gate 114b). 
The number of times that the electrons (holes) pass 
through the tunneling dielectric layer 112 is thus reduced 
to enhance the reliability of the tunneling dielectric layer 
112. The life time of the device also increases. 

[0045] Figures 3A to 3F are schematic, cross-sectional view dia- 
grams illustrating the process flow in fabricating a split 



gate flash memory cell of the present invention, and are 
used to illustrate the fabrication method for a flash mem- 
ory device. Figures 3A to 3F are cross-section view dia- 
grams of Figure 1 along the cutting line A-A. 

[0046] Referring to Figure 3A, a substrate 200 is provided. The 
substrate 200 is, for example, a silicon substrate. The 
substrate 200 is formed with, for example, device isola- 
tion structure (not shown in Figure) to define the active 
region. The device isolation structure is formed by, for 
example, local oxidation (LOCOS) or the shallow trench 
isolation (ST!) method. 

[0047] Thereafter, a selective gate structure 202a and a selective 
gate structure 202b are formed on the substrate 200. 
Each of the selective gate structure 202a and the selective 
gate structure 202b is formed by, for example, forming a 
stacked structure of a gate dielectric layer 204, a conduc- 
tive layer 206, a cap layer 208 and a cap layer 210, and 
subsequently patterning the stacked structure. 

[0048] The gate dielectric layer 204 is, for example, silicon oxide, 
wherein the gate dielectric layer 204 is formed by, for ex- 
ample, thermal oxidation. The conductive layer 206 is, for 
example, doped polysilicon, and the conductive layer 206 
is formed by, for example, conducting chemical vapor de- 



position to form an undoped polysilicon layer, followed by 
performing an ion implantation process. A material used 
in forming the cap layer 208 includes, for example, silicon 
oxide, wherein the cap layer 208 is formed by performing 
chemical vapor deposition, using tetra ethyl ortho silicate 
(TEOS)/Ozone (O^) as a gas source. The etching selectivity 
of the material used in forming the cap layer 210 is differ- 
ent from that of the subsequently formed interlayer di- 
electric layer. The material used in forming the cap layer 
210 is, for example, silicon nitride. The cap layer 210 is 
formed by, for example, chemical vapor deposition. The 
patterned conductive layer 206 serves as the selective 
gate of the memory cell, while the gate dielectric layer 
204 serves as the selective gate dielectric layer. 
[0049] Referring to Figure 3B, a lightly doped region 212a and a 
lightly doped region 214a are formed in the substrate 
200, wherein the lightly doped region 212a is configured 
between the selective gate structure 202a and the selec- 
tive gate structure 202b and at a certain distance away 
from the selective gate 202a and the selective gate 202b, 
respectively. The lightly doped region 214a is formed in 
the substrate 200 at one sides of the selective gate 202a 
and the selective gate 202b where the lightly doped re- 



gion 212a is not formed. The lightly doped region 212a 
and the lightly doped region 214a are formed by, for ex- 
ample, forming a patterned photoresist layer (not shown) 
on the substrate 200, wherein the patterned photoresist 
layer exposes the substrate 200 where the lightly doped 
region 212a and the lightly doped region 214a are going 
to be formed, followed by performing an ion implantation 
process to form the lightly doped region 212a and the 
lightly doped region 214a and then removing the pat- 
terned photoresist layer. 

[0050] Thereafter, a spacer 213 is formed over the sidewall of the 
selective gate structure 202a and the selective gate struc- 
ture 202b, wherein the etching selectivity of the material 
used in forming the spacer 213 is different from that of 
the subsequently formed dielectric layer. A material used 
in forming the spacer 213 includes, for example, silicon 
nitride. Forming the spacer 213 includes, for example, 
forming an insulation layer (silicon nitride) on a substrate 
200, followed by performing an anisotropic etching. 

[0051] Thereafter, a heavily doped region 212b and a heavily 

doped region 214b are formed in the substrate 200. The 
heavily doped region 212b is disposed between and is at a 
certain distance away from both the selective gate struc- 



ture 202a and the selective gate structure 202b. The 
heavily doped region 214b is formed in the substrate 200 
at the sides of the selective gate structure 202a and the 
selective gate structure 202b where the heavily doped re- 
gion 212b has not been formed. The heavily doped region 
212b and the heavily doped region 214b are formed by, 
for example, forming a patterned photoresist layer (not 
shown), wherein the patterned photoresist layer exposes 
the substrate 200 where the heavily doped region 212b 
and the heavily doped region 214b are going to be 
formed. Further using the patterned photoresist layer and 
the spacer 213 as a mask, an ion implantation is con- 
ducted to form the heavily doped region 212b and the 
heavily doped region 214b, followed by removing the pat- 
terned photoresist layer. Moreover, the lightly doped re- 
gion 212a and the heavily doped region 212b together 
form the source region 212, while the lightly doped region 
214a and the heavily doped region 214b together form 
the drain region 214. 
[0052] Continuing to Figure 3C, an interlayer dielectric layer 216 
is formed on the substrate 200. The interlayer dielectric 
layer 216 is formed with, for example, phosphosilicate 
glass, borophosphosilicate glass, or other dielectric mate- 



rial. The inter-layer dielectric layer 216 is formed by, for 
example, chemical vapor deposition. Thereafter, a pat- 
terned photoresist layer (not shown) is formed on the 
substrate 200. Using the patterned photoresist layer as a 
mask, a portion of the interlayer dielectric layer 216 is re- 
moved to form the opening 218a and the opening 218b, 
followed by removing the patterned photoresist layer. The 
opening 218a exposes the substrate between the selective 
gate structure 202a and the source region 212, a portion 
of the selective gate structure 202a and the device isola- 
tion structure. The opening 218b exposes the substrate 
between the selective gate structure 202b and the source 
region 212, a portion of the selective gate structure 202b 
and the device isolation structure. In this process step, 
since the cap layer and the spacer of the selective gate 
structure 202a (selective gate structure 202b) are, for ex- 
ample, a silicon nitride material, their etching selectivity is 
different from that of the interlayer dielectric layer 216. 
Therefore, during the formation of the opening 218a and 
the opening 218b, the cap layer 210 and the spacer 213 
can serve as a self-aligned mask to increase the process 
window. 

[0053] Thereafter, a tunneling dielectric layer 220 is formed on 



the substrate 200 exposed by the opening 218a and the 
opening 218b. The tunneling dielectric layer 220 is, for 
example, a silicon oxide material, formed by a method, 
such as, thermal oxidation. 
[0054] Still referring to Figure 3C, a floating gate 222a and a 

floating gate 222b are respectively formed in the opening 
218a and the opening 218b. The floating gate 222a and 
the floating gate 222b extend to cover a portion of the 
surface of the interlayer dielectric layer 216. The floating 
gate 222a and the floating gate 222b are formed with, for 
example, doped polysilicon, using a method, such as, 
performing chemical vapor deposition to form an un- 
doped polysilicon layer, followed by implanting dopants 
into the undoped polysilicon layer to form the doped 
polysilicon layer and then patterning the doped polysilicon 
layer. 

[0055] Referring to Figure 3D, a gate dielectric layer 224a and a 
gate dielectric layer 224b are formed on the substrate 
200. Each of the gate dielectric layer 224a and the gate 
dielectric layer 224b is, for example, a composite dielec- 
tric layer, which is formed with a material, such as, silicon 
oxide/silicon nitride/silicon oxide. The gate dielectric 
layer 224a and the gate dielectric layer 224b are formed 



by, for example, using a thermal oxidation method to 
form a silicon oxide layer, followed by using chemical va- 
por deposition to form sequentially a silicon nitride layer 
and another silicon oxide layer, and then patterning the 
silicon oxide/silicon nitride/silicon oxide layer. Conse- 
quently, the gate dielectric layer 224a and the gate dielec- 
tric layer 224b are only configured on the surfaces of the 
floating gate 222a and the floating gate 222b, respec- 
tively. 

[0056] The gate dielectric layer 226 is then formed on the sub- 
strate. The gate dielectric layer 226 is, for example, sili- 
con oxide, formed by a method, such as, chemical vapor 
deposition. 

[0057] Referring to Figure 3E, a control gate 228a and a control 
gate 228b are formed on the substrate 200, filling the 
opening 218a and the opening 218b, respectively. Fur- 
ther, an erase gate 230 is concurrently formed on the in- 
terlayer dielectric layer 216 between the control gate 228a 
and the control gate 228b, wherein the control gate 228a 
and the control gate 228b extend above the selective gate 
structure 202a and the selective gate structure 202b, re- 
spectively. A portion of the erase gate 230 covers the 
floating gate 222a and the floating gate 222b. The control 



gate 228a and the control gate 228b are formed with, for 
example, doped polysilicon. The floating gate 222a, the 
floating gate 222b, the erase gate are formed by, for ex- 
ample, using chemical vapor deposition to form a layer of 
undoped polysilicon layer, and conducting an ion implan- 
tation process to dope the undoped polysillicon layer to 
form the doped polysilicon layer, followed by patterning 
the polysilicon layer. 
[0058] Referring to Figure 3F, an interlayer dielectric layer 232 is 
formed over the substrate 200. The interlayer dielectric 
layer 232 is, for example, phosphsilicate glass or 
borophosphosilicate glass. This interlayer dielectric layer 
232 is formed by, for example, chemical vapor deposition. 
A chemical mechanical polishing process is then con- 
ducted to planarize the surface of the interlayer dielectric 
layer 232. Contact plug 234a and contact plug 234b are 
formed in the interlayer dielectric layer 232 and the inter- 
layer dielectric layer 216 to electrically connect with the 
drain region 214. The contact plug 234a and the contact 
plug 234b are formed with, for example, a tungsten ma- 
terial by a method that includes forming an opening (not 
shown) that exposes the drain region 214 in the interlayer 
dielectric layer 232 and the interlayer dielectric layer 216, 



followed by filling the opening with a conductive material. 
Thereafter, a conductive line 236 (bit line) is formed on 
the interlayer dielectric layer 232. This conductive line 
236 (bit line) electrically connects with the contact plug 
234a and the contact plug 234b. The conductive line 236 
(bit line) is formed by, for example, forming a conductive 
layer (not shown) on the substrate 100, followed by per- 
forming a photolithography and etching process to form 
the stripe shaped conductive layer 236 (bit line). The sub- 
sequent fabrication process of the flash memory device is 
well known to those skilled in the art and will not be fur- 
ther reiterated. 

[0059] In this aspect of the present invention, during the forma- 
tion of the control gate 228a and the control gate 228b, 
the erase gate 230 needs not be formed. Instead, the con- 
trol gate 228a and the control gate 228b are formed to 
cover the floating gate 110a and the floating gate 100b 
above the selective gate structure 202a and the selective 
gate structure 202b. 

[0060] In the above aspect of the present invention, the cap layer 
210, the selective gate structure 202a (selective gate 
structure 202b) and the spacer 213 are formed with a sili- 
con nitride material, which has an etching selectivity dif- 



ferent from that of the interlayer dielectric layer 216. 
Therefore, during the formation of the opening 218a and 
the opening 218b, the cap layer 210 and the spacer 213 
can serve as a self-aligned mask to increase the process 
window. 

[0061] Further, during the programming of the above split gate 
flash memory cell, a voltage of about, for example, 6 volts 
to 8 volts, is applied to the control gate, and a voltage of 
about, for example, 1.5 volt to 3 volts, is applied to the 
selective gate, while the drain region is grounded and a 
voltage of 4 volts to 7 volts is applied to the source region 
to program the split gate flash memory cell using tunnel- 
ing hot carrier injection mode. 

[0062] During the reading of this split gate flash memory cell, a 
voltage of about 2 volts is applied to the control gate, a 
voltage of about 2 volts to 5 volts is applied to the selec- 
tive gate, while the source region is floating and a voltage 
of about 2 volts is applied to the drain region. 

[0063] To erase the above split gate flash memory, a voltage of 
about, for example, - 6 volts to 10 volts is applied to the 
control gate, while the drain region and the source region 
are kept floating, and a voltage of about 4 volts to 7 volts 
is applied to the gate using the FN tunneling effect. 



[0064] It ^\\\ be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



